Background: Studies on the association between obesity and all-cause mortality have found that the degree of obesity is directly proportional to all-cause mortality. In contrast, there have been studies indicating that obese people with underlying diseases have a higher survival rate. We hypothesized that age and underlying diseases lead to such contrasting results. Therefore, we conducted a study to clarify the influence of post-middle age obesity and underlying diseases on all-cause mortality. Methods: This study used data from longitudinal studies in the United States, which conducted follow-up for 19 years on 33,708 participants in different age groups: ≥45, 45 -64, and ≥65 years. Hazard ratio (HR) was determined using the Cox proportional hazards model to analyze a group consisting of all participants, a group of those with underlying diseases, and a group of those without underlying diseases, considering age, gender, education history, marital status, household income, smoking history, and BMI category as covariates. Results: In the group aged ≥65 without underlying diseases, HR was almost 1 in those with BMI 25 -<30, 30 -<35, and BMI > 35 kg/m 2 . Further, HR was higher in the 45 -64 age group without underlying diseases if BMI was >35 kg/m 2 . However, HR was approximately 1 in the ≥65 age group. Conclusions: The study revealed that among individuals aged ≥65 years without underlying diseases, there was no association between obesity and all-cause mortality. Among individuals without underlying diseases, HR was higher in the 45 -64 age group with BMI > 35 kg/m 2 but was approximately 1 among those aged ≥65 years. Therefore, an interaction based on age was detected. These findings may lead to recommendations regarding the need to modify the advice and education provided to obese individuals in different age groups.
Introduction
Approximately one-third of the world's population is considered obese. In particular, the number of obese people is known to be increasing in high-income countries in North America and Europe [1] [2] [3] [4] . Because obesity is thought to increase the risk of underlying diseases [5] - [13] , maintaining average body proportion and avoiding obesity are important issues in health maintenance.
Several studies have indicated that a greater degree of obesity correlates with higher all-cause mortality [14] - [27] . On the other hand, obese individuals with diseases such as heart failure and hypertension have been reported to have a higher survival rate than non-obese individuals [28] - [37] . Because mortality among young obese individuals is higher than that among elderly obese individuals [38] [39] , age has also been reported to influence the association between obesity and all-cause mortality rate.
Differing results in obesity and all-cause mortality studies may be due to differences in target populations or bias correction methods such as inclusion and exclusion criteria set at the start of the studies [40] . However, details of the influence of different criteria and conditions on results of studies have not been clarified. In this study, we focused on age and underlying diseases as conditions that can affect results regarding correlations between Body Mass Index (BMI), which represents the degree of obesity, and all-cause mortality rate, with the aim of clarifying the influence of post-middle age obesity and underlying diseases on all-cause mortality rate. Most of the previous work on the relationship between obesity and all-cause mortality used a survival analysis such as the Cox proportional hazard model. Therefore, also in this study, the relationship between obesity and all-cause mortality was analyzed using the Cox proportional hazard model.
Methods

About HRS Data
The Health and Retirement Study (HRS) is a nationally representative elderly panel survey led by Michigan University sampled using a multi-stage extraction method focused on American nationals aged ≥50 years including a total of 37,000 people from 23,000 households in the United States. With the aim to understand the actual living conditions of the elderly, data were collected every 2 years since 1992, and the survey had been conducted for a total of 11 times up to 2012.
HRS data obtained over a long period were gathered. An initial HRS cohort data of 1992 consisted of individuals born between 1931 and 1941 (aged 51 -61 years at the time of the study) and their spouses. Next, using data from the "AHEAD" study, which was conducted separately from HRS, cohort data of those born between 1890 and 1923 (aged ≥70 years) was integrated into the HRS data in 1998. HRS incorporated 2 new cohort data sets, one of those born be- 
Ethical Considerations
The HRS data that we used for our analysis was collected from 37,317 people between 1992 and 2012 who agreed to participate in the study via informed consent after approval from the University of Michigan Ethics Committee (IRB) was obtained. The HRS data is available for public use via web-based access following the instructions provided on the HRS website (hrsonline.isr.umich.edu/index.php).
Although there are some restrictions on the answers to sensitive and restricted questionnaires, data are made available based on appropriate procedures. For the present study, we applied for data user registration on the HRS website and obtained approval to use the data from the HRS group. Thereafter, we were provided publicly available data files that we used to perform our analysis.
Subjects and Variables
Among 37,317 individuals who participated in HRS between 1992 and 2012, those aged ≥45 years were chosen as study subjects. To compare the subjects with and without underlying diseases, those who suffered from at least 1 of 6 chronic diseases, diabetes mellitus, chronic respiratory disease, chronic heart disease, malignant tumors, high blood pressure, or stroke, were identified as a group with underlying diseases. Those who denied having any of the above 6 diseases at study initiation were identified as a group without underlying diseases. Analysis was performed on the following groups: all participants, a group with underlying diseases, and a group without underlying diseases. Subjects were also stratified into different age groups comprising those aged ≥45, 45 -64 (middle-aged and above), and ≥65 (the elderly).
The degree of obesity is defined by WHO standards [41] , which was associated with the lowest mortality rate, was defined as a reference based on a previous study that involved data of 900,000 individuals [18] and one that was conducted on the data of 30,300,000 individuals [26] . The variables were as follows: age at baseline, gender (male or female), race (white or nonwhite), education history 
Exclusion Period
To exclude individuals who died from rapid deterioration in their condition soon after study participation or those who were already in a poor condition, those who died within 2 years after study participation were excluded.
Statistical Analysis
Using the Cox proportional hazards model, the hazard ratio (HR) and 95% confidence intervals (95% CI) were calculated for the BMI categories using all-cause mortality as an outcome. In the analysis, age, sex, race, marital status, educational history, household income, smoking history, BMI category were included as covariates. A univariate analysis was performed for each variable. Cross tables were prepared for variables, and associations between the variables were examined using the chi-square test. For variables with strong relevance between variables, an interaction term was created; this term was used as an adjustment variable. In addition, proportional hazards of each variable were confirmed to be maintained using log-log plot survival curves. Covariates and interaction terms were introduced in the Cox proportional hazards model, and HR was obtained while confirming the impact of HR between variables.
The software package JMP Pro11.2 (SAS Institute Inc., Cary, NC, USA) was used for analysis. SPSS20.0 (SPSS Inc., Chicago, IL, USA) was used for plotting log-log survival curves that could not be analyzed using JMP Pro11.2.
The general form of the cox proportional hazards model was: 
Results
Demographic features of the study participants are shown in Table 1 . The number of participants aged ≥45 years excluding those who died within 2 years after the start of the study was 33,708, and females accounted for 56% of all participants. The median age was 56 years, and the mean age was 60.14 years. The median BMI was 26.6 kg/m 2 , and the mean BMI was 27.45 kg/m 2 . During the 19 years of follow-up, the observation period was 335,219 person years and the mean follow-up period was 9.94 years. The number of deaths during the follow-up period was 10,104, and the mean follow-up period only for death events was 9.91 years. The mean follow-up period from the start of the study until death of the 6942 individuals who had at least one underlying disease and were aged ≥45 years was 9.46 years, and the mean follow-up period from the start of the study until death of the 3162 individuals without underlying diseases and were aged ≥45 years was 10.9 years ( Table 2 ).
The number of participants aged 45 -64 years excluding those who died within 2 years after the start of the study was 23,730, and females accounted for 54% of all participants. The median age was 54 years, and the mean age was 54.02 years. The median BMI was 27.1 kg/m 2 , and the mean BMI was 28.04 kg/m 2 . During the 19 years of follow-up, the observation period was 234,192 person years and the mean follow-up period was 9.87 years. The number of deaths during the follow-up period was 3556, and the mean follow-up period only for death events was 11.51 years. The mean follow-up period until death of the 2281 individuals aged 45 -64 years who had at least one underlying disease was 11.02 years, and the mean follow-up period of the 1275 individuals without underlying diseases was 12.38 years ( Table 3) .
The number of participants aged ≥65 years excluding those who died within 2 years after the start of the study was 9978, and females accounted for 59% of all participants. The median age was 73 years, and the mean age was 74.7 years. The median BMI was 25.6 kg/m 2 , and the mean BMI was 26.05 kg/m 2 . During the 19 years of follow-up, the observation period was 101,027 person years and the mean follow-up period was 10.12 years. The number of deaths during the follow-up period was 6548, and the mean follow-up period only for death events was 9.04 years. The mean follow-up period until death of the 4661 individuals aged ≥65 years who had at least one underlying disease was 8.69 years, and the mean follow-up period of the 1887 individuals without underlying diseases was 9.9 years (Table 4 ).
An interaction term was created for each variable among age, gender, race, education history, marital status, household income, smoking history, and BMI categories that showed association using chi-square test and was input as a covariate in the Cox proportional hazards model. No results showed that HR was significantly influenced before and after input of the interaction term. In addition, the proportional hazards for each variable could be confirmed. 
Discussion
In the present study, over a 19-year follow-up period, subjects in age groups of ≥45, 45 -64, and ≥65 years were further grouped into subgroups comprising all subjects, those with underlying diseases, and those without underlying diseases.
Covariates were used in a Cox proportional hazards model, and HR of each BMI category was calculated. The results revealed that in the group without underlying diseases, a characteristic association was noted between mortality and obesity in individuals aged 45 -64 and ≥65 years.
Studies on the association between smoking history and all-cause mortality comparing healthy individuals without underlying diseases and those with underlying diseases have shown that healthy obese individuals who had neither a smoking history nor underlying diseases had higher all-cause mortality rates than obese individuals with a smoking history and underlying diseases [15] [19]
[25] [26] . In the present study, individuals aged ≥45 and 45 -64 years, individuals without underlying diseases with BMI 25 -<30, 30 -<35, or >35 kg/m 2 had higher all-cause mortality rates than those with underlying diseases, which is consistent with previous studies. Despite the fact that previous studies have concluded that adjustment or exclusion of bias due to diseases was not effective when studying the association between obesity and all-cause mortality [23] [42]
[43], the present study revealed that the association between obesity and all-cause mortality rate differs depending on the presence or absence of underlying diseases. This appears to confirm the necessity of adjusting for the influence of underlying diseases.
There have been reports that obese adults have higher all-cause mortality rates than the obese elderly [14] [38] and that mortality rates among the obese elderly are lower than those among obese youth [39] . Previous studies have demonstrated that age influences the association between obesity and all-cause mortality rates. However, we were unable to find any study that has analyzed the association between obesity and all-cause mortality rate focusing on underlying dis- The present study suggested that such advice and education should be modified depending on the age of the individuals.
In the present study, questionnaire items were based on self-reported status of underlying diseases, height, weight, and BMI, which may have led to the underestimation of obesity [47] . While this study used self-reported BMI, because it has been reported that there is no significant difference between accurate BMI and self-reported BMI [48] , we believe that the results of this study are sufficiently reliable.
In addition, because the mean BMI among Americans is much higher than the BMI defined by WHO as being normal, it is possible that BMI ranges in other nations may greatly differ from those among Americans. Due to a lack of information regarding muscle amount, it was impossible to distinguish between those with a large number of fat cells and those with significant muscle mass, and we were unable to exclude individuals who were not obese despite having a high BMI. Further, as neither the status of underlying diseases that occurred after the study started nor the rate of medical examinations was known, it was not clear whether a person was healthy and obese or was obese with underlying diseases.
Moreover, as this study was performed in one country, the results may be different from those of other countries. Despite the above limitations, we consider the outcomes of the present study to be useful in creating strategies and content for health education and management among middle-aged and above obese individuals.
The results of the present study revealed that among obese individuals without underlying diseases, those aged 45 -64 or ≥65 years exhibited age-related interactions between obesity and all-cause mortality. This suggests that health professionals may need to modify strategies and content with regard to health-related advice, health education, and health management given to obese middle-aged and above individuals, depending on their age.
